Atomic force microscopy in structural biology: from the subcellular to the submolecular.
Atomic force microscopy (AFM) is capable of generating images within ranges of resolution that are of particular interest in biology. Although atomic resolution may not be possible with biological samples, a great deal of information can still be obtained from images that provide structures at a slightly lower level of resolution. The submolecular resolution images of bacteriorhodopsin and the chaperonin GroES, which revealed, respectively, individual loops and beta-turns, confirmed and complemented other structural investigations, while the molecular-level features in images of membrane-bound VacA, a cytotoxin from Helicobacter pylori, immediately suggested the possibility, subsequently proven, of channel-forming ability. A series of images with macromolecular resolution directly provided details on the mechanisms by which RNA polymerase nonspecifically translocates along DNA, and images with subcellular resolving power of erythrocytic cellular membranes showed, with unambiguous clarity, linear arrays of molecular complexes. In this review, we will describe some of the most biologically relevant findings that have been obtained with AFM within ranges of resolution from the submolecular to the molecular, and from the macromolecular to the subcellular. Furthermore, we will describe some of the sample conditions and imaging environments that are likely important to achieve a particular level of resolution.